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摘   要 
乳铁蛋白是一种非血液中的铁结合蛋白，是转铁蛋白家族一员。主要负责铁
的转运。1961 年 Blanc 等将它们从人乳中分离获得的此种蛋白质正式命名为乳铁
蛋白（lactoferrin，LF）。Lf 在人乳中的含量特别丰富，特别在初乳中可达 7 g/L。
随着乳汁的成熟其含量会有所下降，在哺乳期间为 lg/L 左右。在牛乳中含量则








本实验将 67 只仔猪分为 5 批饲养，将其根据体重和遗传背景的不同分为四
组分别为：1、乳铁蛋白对照实验组，2、乳铁蛋白中剂量实验组，3、乳铁蛋白

















































Lactoferrin (Lf) is an 80 kDa iron-binding glycoprotein of the transferrin family, 
but it does not exist in the blood. Lf was first discovered by Sorensen and Sorensen 
from bovine milk in 1939.  The concentration of bovine milk Lf is 0.1g/L. However. 
Human milk Lf is especially abundant, particularly in the colostrum reaching to 7 g/L 
and mature milk at concentration of l g/L. Milk LF has been shown to play many 
biological functions for health and disease prevention. It is considered to be a key 
component of the innate host defense system because it can respond to a variety of 
physiological and environmental changes, such as antifungal, antibacterial, antiviral, 
antiparasities . In clinic, Lf can be used as an antibiotic and antimicrobial agents for 
some diseases treatment. LF also plays an important role in anticancer because it can 
restrain the growth of tumor cells. Furthermore, Lf has the ability to function as an 
enzyme in some catalytic reactions. Lf can adjust the balance of iron in the body, and 
promote the generation and growth of the bone marrow cells. A lot of Lf rich nutrition 
products, are developed in the few years. One of them is LF rich infant formula. 
Currently LF rich products have been used to promote iron absorption and better iron 
status of human body. .  
   In recent years, the research of lactoferrin mainly focused on the innate host 
defense system. Indeed lactoferrin was found to play a very important role in the 
immune system. However, it is still largely unknown if LF has a benefit on 
neurodevelopment. The aim of study is to investigate the functional effect and 
underlying molecular biochemical mechanism of lactoferrin on the brain development 
and cognitive function for newborn piglets fed with different doses of lactoferrin. The 
study may provide the first scientific evidences of benefits LF on neurodevelopment 
and cognitive functions and clinical applications. 
    67 newborn piglets were divided into 5 groups for feeding. According to the 















Lf high dose, 2. Lf sufficient dose, 3. control and 4. Lf high dose without learning 
challenge. . At day 21, the piglets from the first three groups were subjected to the 
learning behavior experiment. At day 38, the piglets were euthanatized, and the brain 
sample was collected for the further analysis. We measured cell development in the 
brain using the immune fluorescence assay.  
    In conclusions: 1) the milk with different doses lactoferrin did not affect the body 
weight and brain size of the newborn piglets 2) the levels of the stress hormone 
including ACTH and Cortisol were not different between groups, so the stress 
hormone was not affected by different dose lactoferrin intervention; 3) there was no 
significant difference in the behavior of fear to unfamiliar environment between 
groups., however there was significant different between groups in adaptation to the 
new environment. Interestingly, the piglet in the sufficient dose group had a better 
performance in the behavior study, suggesting no dose response for LF intervention; 4) 
LF supplementation did not show the benefits of neurogenesis in dentate gyrus。 















缩 写 词 表 
OFT Open-field test 旷场实验 
SVZ Subventricular zone 室管膜下区 
DG Dentate gyrus 齿状回 
Lf Lactoferrin 乳铁蛋白 









Glucocorticoid receptor 糖皮质激素受体 
Mineralocorticoid receptor 盐皮质激素受体 
Hypothalamic-pituitary-adrenal 下丘脑-垂体-肾上腺轴 
Autonomic Nervous System 自主神经系统 
Corticotropin-Releasing Hormon 促肾上腺皮质激素释放激素 
Glial frbrillary acidic protein 胶质纤维酸性蛋白 
Neuronal nuclei 神经核 
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